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Abstract

Background: The incidence of gastroschisis has increased 30% between the periods 1995-2005
and 2006-2012, with the largest increase in Black neonates born to Black mothers younger than
20 years old.

Objective: Racial disparities in peri- and post-operative outcomes have been previously
identified in several types of adult and pediatric surgical patients. Is there an association between
race and clinical outcomes and healthcare resource utilization in neonates with gastroschisis?

Methods: Retrospective study using national administrative data from the Kid’s Inpatient
Database (KID) from 2006, 2009, and 2012 for neonates (age <28 days) with gastroschisis.
Multivariable logistic regression was constructed to determine the association of race and
socioeconomic characteristics with complications and mortality; linear regression was used for
length of stay and hospital charges.

Results: We identified 3846 neonates with gastroschisis that underwent surgical repair, including
676 patients with complex gastroschisis. When controlling for birth weight, payer status,
socioeconomic status, and hospital characteristics, Black neonates had increased odds of having
complex gastroschisis and associated atresias. Mortality was higher in patients with complex
gastroschisis, patients from the lowest income quartiles, and patients with Medicaid as primary
payer (compared to those with private insurance). Length of stay (LOS) was increased in patients
with complex gastroschisis, birth weight <2500 g, and Medicaid patients. Hospital charges were
higher in complex gastroschisis, Black and Hispanic neonates (as compared to Whites), males,
birth weight <2500 g, and Medicaid patients.

Conclusions: There is an association between race and complex gastroschisis, associated
intestinal atresias, and total charges in neonates with gastroschisis. In addition, income status is
associated with mortality and hospital charges while payer status is associated with complications,
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mortality, LOS, and hospital charges. Public health and prenatal interventions should target at-risk
populations to improve clinical outcomes.

Prognosis Study: Level of Evidence: 1l
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Gastroschisis is a congenital abdominal wall defect through which intraabdominal viscera
protrude [1]. The medical and post-surgical management of neonates with gastroschisis
varies considerably [2], however, surgical repair of the abdominal wall defect is common
[3]. Complex gastroschisis (10.9% of gastroschisis cases) [4] defined as the presence of
atresia, volvulus, necrotic bowel, or bowel perforation, is as-sociated with delayed
implementation of enteral feedings and achievement of full feeds, higher complication rates,
an increased length of stay, and increased mortality [4-6]. Survival rates are as high as 90—
97%, however; the repair of complex gastroschisis is associated with a high risk of short-
and long-term morbidity [5]. Other factors that increase the risk for mortality in
gastroschisis include large bowel resection, congenital circulatory and pulmonary disease,
and sepsis. Contributing risk factors for sepsis include intestinal ostomy, congenital
circulatory anomalies, and necrotizing enterocolitis [6].

Several studies have attempted to identify prenatal and perinatal factors that can predict poor
outcomes in gastroschisis. Polyhydramnios [5], low birth weight, and prematurity [7] are
associated with worse outcomes (i.e., prolonged time to full enteral feeds, increased length
of hospital stay [LOS], higher rates of sepsis). Clear association has not been demonstrated
for other factors, such as mode of delivery, surgical technique used for repair, bowel dilation
and bowel wall thickness [2,8].

The Institute of Medicine report in 2003 identified the study of health disparities in the
United States as one of the most important public health issues; these health disparities still
persist today--racial and ethnic minorities receive suboptimal healthcare, regardless of
access-related factors [9]. A growing body of evidence suggests that patient demographic
factors, such as race, socioeconomic status, and payer status are associated with health
disparities in peri- and post-operative outcomes in pediatric surgery, including general,
cardiac, neurological, and oncologic procedures [8,10-13]. In addition, risk-adjusted
analysis of race and gender by Stone et al. revealed significant differences in postoperative
morbidity, mortality, and hospital resource utilization for pediatric surgeries [14].

Gastroschisis disproportionally affects young mothers. Furthermore, the incidence of
gastroschisis has increased 30% between the two periods 1995-2005 and 2006—2012, with
the largest increase in Black mothers younger than 20 years old [15].

The treatment and management of patients with gastroschisis utilizes a significant amount of
healthcare resources [6]. For patients with uncomplicated gastroschisis, the median length of
stay is 28 days and median hospital charges are $90,788. Moreover, complex gastroschisis
increases the median LOS (67 days), median inflation adjusted hospital charges ($197,871),
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and the risk of complications (gastrointestinal, respiratory, or infectious) (2.9% vs. 8.7%)
[4]. The aim of this study was to identify whether a patient’s race was associated with
adverse clinical outcomes and increased healthcare resource utilization in neonates with
gastroschisis.

Patients and methods

1.1. Study design and data source

A retrospective cross-sectional study was conducted using national administrative data from
2006, 2009, and 2012 Kid Inpatient Database (KID) files, the most recently available data
sets, produced by the Agency for Healthcare Research and Quality as a component of the
Healthcare Cost and Utilization Project (HCUP). This database, released every three years,
contains demographic, clinical, and charge data for all pediatric inpatient encounters from
community, non-rehabilitation hospitals in the United States. A total of 38 to 44 states
participated from 2006 to 2012, and approximately 4000 hospitals reported in 2012.
Information in the KID includes but is not limited to: age at admission, sex, race, payer
status, median zip code income, diagnosis and procedure codes, total hospital charges,
length of stay, and hospital characteristics such as size, location, and teaching status.

1.2. Study cohort

1.3.

Neonates (<28 days of age) with gastroschisis were identified by International Classification
of Diseases, Ninth Revision (ICD-9) procedure code of 54.71 [16].

Predictor variables

Predictor variables were race, socioeconomic status, payer status, and birth weight. Gender,
hospital region, bed size, ownership, and teaching status were included in the regression
model to control for possible confounding characteristics. Race was defined as White,
Black, Hispanic, or Other, as reported by the KID. The median household income of the
patient’s home zip code served as a proxy for socioeconomic status and was defined by
quartiles (For 2012: quartile 1: $1 to $38,999, quartile 2: $39,000 to $47,999, quartile 3:
$48,000 to $62,999, quartile 4: N$63,000), derived from ZIP Code-demographic data
obtained from Claritas. Payer status was defined as Medicaid, Private, or Other (self-pay,
charity, uninsured). Birth weight was defined as <1500 g, 1500 to 2499 g, and 22500 g, as a
proxy for gestational age at birth (a variable found to be unreliably reported in the KID data
as ICD-9 diagnostic codes for prematurity) [17,18]. Birth weight of <1500 g was used as a
proxy for prematurity. Hospital regions were defined as northwest, mid-west, south and
west. Hospital bed sizes were defined as small or large, as defined by the HCUP-KID.
Hospital ownership was defined as either government (public) or private.

1.4. Outcomes

In-hospital complications, mortality, LOS, and total hospital charges were the primary
outcome measures in neonates with gastroschisis. In-hospital complications related to
complex GS, such as atresia, volvulus, necrotic bowel, or bowel perforation (indicated by
additional abdominal surgery) were identified in the patient dataset by searching for
pertinent ICD-9 diagnostic and procedure codes, which may have been entered into the

J Pediiatr Surg. Author manuscript; available in PMC 2020 December 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

Page 4

patient’s chart at any point in the hospitalization. In-hospital mortality, LOS and total
hospital charges were already present in the administrative data. Total hospital charges were
calculated with the HCUP-KID cost to charge ratio file and then inflation adjusted to 2012
dollars. All charges were converted to 2012 dollar amounts using the consumer price index.

1.5. Statistical analysis

2.

All statistical analyses were adjusted for the KID survey design and discharge weights were
used in the analysis to generalize results at the national level. Descriptive statistics were used
to characterize the study cohort. In-hospital complications and mortality were summarized
using proportions; LOS and total charges were described using medians and interquartile
ranges (IQRs). Unadjusted categorical and continuous variables were compared by patient
characteristics using chi-square and t-tests, respectively. Multivariable logistic regression
was constructed to determine the association of race with in-hospital complications and
mortality. Multivariable linear regression was used to determine association of predictor
variables with LOS and total hospital charges. All statistical analyses were performed using
SAS 9.4 (SAS Institute Inc., Cary, North Carolina). This study was considered non-human
subjects research and was deemed exempt by the Institutional Review Board at the
University of Texas Medical Branch, Galveston.

Results

Out of 12,485,585 weighted neonatal discharges, we identified 3846 (0.03%) neonates with
gastroschisis who underwent repair with birth weights available. Demographic
characteristics are described in Table 1. Overall, in-hospital mortality was 3.7%, median
LOS was 35.3 days (IQR: 24.8 to 58.5) and median total hospital charges were $218,933
(IQR: $139,717 to $384,184). For patients with simple gastroschisis, in-hospital mortality
was 1.97%, median LOS was 32.6 days (IQR: 24.0 to 47.2) and median total hospital
charges were $196,148 (IQR: $133,913 to $322,671).

We identified 676 (17.6%) neonates with complex gastroschisis, which was defined as
presence of atresia, volvulus, necrotic bowel, or bowel perforation (indicated by additional
abdominal surgery during that hospitalization). For patients with complex gastroschisis, in-
hospital mortality was 11.7%, median LOS was 76.6 (IQR: 42.1 to 119.2) and median total
hospital charges were $406,434 (IQR: $233,102 to $687,282). There was a significant
difference in race, infant birth weight, and hospital ownership for the outcome of complex
gastroschisis. Only infant birth weight was significant for the outcome of in-hospital
mortality.

Table 2 reports the number of patients with complex gastroschisis, as identified by atresia,
volvulus, necrotic bowel, or bowel perforation (indicated by additional abdominal surgery
during that hospitalization) and corresponding odds ratios for the aforementioned
complications. Black neonates had an increased odds ratio of 1.744 (1.070-2.843) for
atresia. Table 3 reports the association of predictor variables with outcomes. Black race (OR:
1.56, p < 0.05), birth weight < 1500 g (OR: 4.62, p < 0.01), and government hospitals (OR:
2.03, p < 0.05) were independently associated with increased odds of complex gastroschisis,
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while Medicaid (OR =0.77, p < 0.05) and Other race (OR: 0.70, p < 0.05) were protective
predictor variables.

In Table 3, we report the independent association of predictor variables with complex
gastroschisis, in hospital mortality, length of stay, and total hospital charges. Black race was
associated with increased odds of complex gastroschisis (OR: 1.56, p < 0.05) and increased
total hospital charges ($50,495, p < 0.01) compared to White neonates. Hispanic race was
associated with increased total charges ($69,936, p < 0.01) compared to White neonates.
Other race was associated with decreased odds of complicated gastroschisis (OR: 0.70, p <
0.05) compared to White neonates.

Small for gestational age neonates (birth weight < 1500 g) had increased odds of complex
gastroschisis (OR: 4.62, Cl: 3.10-6.90, p < 0.01), in hospital mortality (OR: 16.1, Cl: 7.35-
35.3, p <0.01), increased length of stay (+11.9 days, p < 0.01), and increased total charges
(+$105,275, p < 0.01) compared to neonates who weighed >2500 g at birth. Neonates who
weighed 1500 to 2499 g had increased odds of in hospital mortality (OR: 3.12, Cl: 1.57-
6.20, p < 0.01), increased length of stay (+3.98 days, p < 0.01), and increased total hospital
charges (+$23,257, p < 0.01) compared to neonates who weighed 22500 g at birth.

The first income quartile had increased odds of mortality (OR: 2.52, Cl: 1.03-6.16, p < 0.05)
and decreased total hospital charges (-$57,649, p < 0.01). The second income quartile also
had increased odds of mortality (OR: 1.36, Cl: 1.36-8.23, p < 0.01) and decreased hospital
charges (—$55,407, p < 0.01). The third income quartile had only decreased hospital charges
(-$53,856, p < 0.01) compared to neonates of the wealthiest income quartile. In addition,
patients with Medicaid were less likely to have complex gastroschisis (OR: 0.77, CI: 0.60-
0.99, p < 0.05) and in hospital mortality (OR: 0.56, Cl: 0.33-0.97, p < 0.05) but had an
increased length of stay (+5.12 days, p < 0.01) and increased hospital charges (+$23,842, p
< 0.01).

3. Discussion

Recent pediatric surgical literature has identified racial disparities in pediatric surgical
outcomes, even after controlling for established patient- and hospital-related factors [14].
Stone et al., when evaluating postoperative morbidity, mortality, and resource utilization in
several pediatric surgeries (appendectomy, pyloromyotomy, intussusception, decortication,
congenital diaphragmatic hernia repair, and colonic re-section for Hirschsprung’s disease)
identified risk-adjusted associations of race with poorer outcomes and higher resource
utilization. Black patients are at higher risk for postoperative mortality, and Black and
Hispanic patients have increased morbidity and hospital costs. Health disparities are the
result of complex, multilevel, dynamic factors, including biological, environmental, and
social elements. Prior studies have identified physician—patient communication, provider
bias, resource allocation, access to prenatal care, access to specialized care and birth at a
pediatric hospital as influencing factors in pediatric surgical outcomes [19-22]. Further
complicating the exact cause of healthcare disparities in gastroschisis are variabilities in
surgical repair method, ventilation and paralysis strategies, pain management, antibiotic and
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central line duration, feeding regimens [23], and management of complications such as
intestinal perforation and NEC [24].

In our study, after controlling for factors such as gender, prematurity, socioeconomic status,
payer status, and hospital characteristics, we observed important racial disparities in peri-
and post-operative outcome measures in neonates with gastroschisis. We identified 3846
patients with gastroschisis who underwent repair, representing an incidence rate of 0.03%.
The overall in-hospital complication rate was 38%, in-hospital mortality was 3.7%, median
LOS was 35 days and median total hospital charges were $218,933 (IQR: $139,717 to
$384,184) which is consistent with previously published literature on gastroschisis outcomes

[5].

This study further supports the consideration of race and socioeconomic factors as covariates
in constructing risk stratification criteria and in healthcare policies [11,18,22,24,25]. Earlier
gestational age has been identified as a factor associated with adverse gastroschisis
outcomes (death, reoperation, gastrostomy, and NEC) [18]. Prematurity and low birth
weight, are known predictors of poor outcomes for surgical and non-surgical neonatal
conditions [26]. Our findings--increased morbidity, mortality, length of stay and total
hospital charges--are consistent with previously published studies that found prematurity is
associated with complex gastroschisis [7]. However, when controlling for low birth weight,
Black neonates had increased odds of atresia and complex gastroschisis. When we also
controlled for complex gastroschisis, Black neonates had increased total charges compared
to White neonates. Intestinal atresia is known to be increased in the African-American
population, irrespective of whether they have gastroschisis or not [20,27]. This may be
related to genetic susceptibilities, to cultural or social differences that may affect exposures,
or a com-bination of susceptibilities and exposures [20]. Hispanic patients also accrued
increased additional hospital charges, while patients of other races had a decreased risk of
complex gastroschisis compared to White neonates.

Previous studies have demonstrated that Black race is associated with differences in
biomarkers of chronic stress (elevated C-reactive protein, adrenocorticotropic hormone
(ACTH) [21]. Furthermore, recent research in embodiment theory showed that when
pregnhant women experience stress, the brain and placenta secrete corticotropin-releasing
hormone, which passes into the fetal circulation and affects the fetal neuroendocrine and
hypothalamic—pituitary—adrenal axis development. Chronic stressors increase allostatic
load--the insufficient termination of the cortisol response system [22]. New research
suggests that the allostatic load experienced from chronic stressors affects not only potential
mothers, but their children through epigenetic changes, perpetuating health inequalities [25].
Increased stress has been associated with increased risk for spontaneous abortion, preterm
labor, and malformations or growth retardations in the fetus [24]. It may be the case that
increased allostatic load contributes to the increased association of intestinal atresia and
complex gastroschisis in Black neonates. Additional studies need to be conducted in order to
elucidate the independent association of race with complex gastroschisis and total charges.
The database used in this study does not provide specific enough information on the
patient’s clinical course and requires investigation on an institutional level.
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Our multivariable regression models also revealed differences between other socioeconomic
and hospital demographic groups after adjusting for race and complex gastroschisis. Lowest
(1st and 2nd income) quartile patients were independently associated with increased
mortality, while simultaneously accruing decreased total charges compared to patients from
the 4th (highest) income quartile. While it is plausible that patients from lower
socioeconomic statuses die earlier, and thus, accrue fewer charges, there was also no
difference in length of stay for patients from the 1st and 2nd quartile. Medicaid insurance
status is independently associated with increased mortality, LOS, and higher hospital
charges. There were also increased odds of complex gastroschisis for government hospitals,
and significant regional differences in total charges. Our data suggest that social factors
(more than biologic determinants) associated with low socioeconomic status and primary
payer type, such as a lack of or inadequate prenatal care, may contribute to the poorer
outcomes observed in these groups. However, because of the limitations of our study, we
cannot confirm this hypothesis.

Our study is limited by the use of an administrative database, which relies on accurate and
consistent data entry. The use of ICD-9 codes has been validated in identifying patients with
gastroschisis; however, it has not been validated for the extensive list of complications and
procedures that we examined. The database also does not contain data elements for neonatal
gestational age at birth, which is associated with outcomes in gastroschisis [18], or maternal
elements (such as pre-natal surveillance and when gastroschisis was identified). The non-
specificity of ICD-9 Procedure Codes precludes the authors’ ability to account for mode of
closure — primary or delayed closure) and number of days from birth until closure in our
analysis, which may be a contributing factor to clinical outcomes as infants who underwent
a delayed closure may have more severely affected bowel. In addition, the stratification by
income level of our sample showed clustering in the low-income quartiles; although this
might be a fair representation of the socioeconomic characteristics of the patients with
gastroschisis, our analysis using income level as a predictor variable must be interpreted
with caution. Despite these limitations, the usage of a national administrative database is
essential in identifying associations that may be used to guide additional research questions.

4. Conclusion

There is an independent association of race with complications and total charges in neonates
with gastroschisis; intestinal atresia associated with gastroschisis and complex gastroschisis
were found to be more common among Black infants, independent of clinically important
factors, such as prematurity. Understanding differences in racial and socioeconomic
disparities is important to clinicians. Social factors such as lifelong exposure to
neighborhood poverty, interpersonal racial dis-crimination, and job strain affect not only
birth outcomes such as low birth weight, but also surgical outcomes in gastroschisis. Our
data strongly support consideration of race in risk stratification criteria, outcomes research,
and healthcare reform efforts. Although different race implies different baseline risk factors
determined by genetic factors and distinct exposures, we must remain vigilant to ensure that
elements at the provider and system level, such as implicit bias toward the mothers of Black
and Hispanic neonates or delayed care, do not increase the odds of poor outcomes in
pediatric populations at risk.
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Table 1.

Demographic characteristics of neonates with gastroschisis.

Characteristics All Patients[n, (%)] | Complex Gastroschisis[n, (%)] | Mortality [n, (%)]
Sex p =027 p =054
Male 1970 (51.2) 363 (53.7) 68 (48.0)
Female 1875 (48.8) 313 (46.3) 74 (52.0)
Race p= 0_001** p=0.18
White 1693 (44.0) 315 (46.7) 66 (46.4)
Black 293 (76) 78 (115) 19 (13.1)
Hispanic 884 (23.0) 143 (21_1) 28 (20.1)
Other 975 (25.4) 139 (20.7) 29 (20.4)
Birthweight ** **
p <0.001 p <0.001
<1500 9 215 (5.6) 95 (14.0) 31(31.7)
1500-2499 g 2421 (63.0) 402 (59.5) 56 (58.6)
225009 1210 (31.5) 179 (26.5) 10 (9.8)
Median zip code p=0.88 p=0.11
income quartile
1 1326 (34.5) 230 (34.0) 52 (36.9)
2 1139 (29.6) 210 (31.1) 53 (37.7)
3 890 (23.1) 152 (22.5) 26 (18.4)
4 491 (12.8) 152 (22.4) 10 (6.9)
Primary payer p=0.40 p=0.08
Medicaid 2772 (72.1) 472 (69.9) 89 (62.5)
Private 286 (7.4) 28(7.1) 37(26.0)
Other 788 (20.5) 155 (23.0) 16 (11.5)
Geographic region p=0.39 p=0.82
Northwest 415 (10.8) 77 (11.4) 13(9.2)
Midwest 865 (22.5) 172 (25.5) 29 (20.7)
South 1550 (40.30 260 (38.6) 64 (45.3)
West 1015 (26.4) 165 (24.5) 35(24.8)
Hospital teaching status p=0.21 p=0.59
Teaching 3376 (87.8) 581 (86.1) 122 (85.9)
Non-teaching 470 (12.2) 94 (13.9) 20 (14.1)
Hospital ownership p = 0.0005 el p=0.47
Government 215 (5.6) 60 (8.8) 10 (7.3)
Private 3631 (944) 616 (912) 131 (927)
Hospital bed size p=0.50 p=0.17
Small 1058 (27.5) 176 (26.0) 50 (23.2)
Large 2787 (72.5) 500 (74.0) 166 (76.8)
Ao
=p<0.01
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Table 3.

Multivariable regression analysis: association of predictor variables with outcomes.

Page 12

Characteristics Complex GastroschisisOR | Mortality OR (95% CI) | Length of Stay B Total Charges (SE)
(95% CI) (SE)

Race
Black 156 (1.06-2.30) 118 Egig—ﬁgg >0 g‘?‘gg 50,495 (17,833)

Ispanic 0.92 (0.69-1.22 B 4o—1. . . Ak
Other ( ), 0.76 (0.41-1.39) ~0.30 (1.78) 69,936 (11,901)

- 0.70 (0.53-0.92) ; _ -2350 (8486)

White N )
Sex
Male 1.17 (0.93-1.46) 0.87 (0.55-1.37) -2.52 (1.46) -16,979 (7281) ¥
Female - - - o
Birthweight
Iéggoz% % 4.62 (3.10-6.90) ** 16.1 (7.35-35.3) 11.9 (4.07) ™" 105,278 (17,948) **
S2500g 1.17 (0.92-1.48) 3.12 (157-6.20) 3.98 (142) 23,257 (8109)
Median zip code income
fllua“"e ﬂg gg-;g—i-ggg 252 (1.03-6.16) ggg gig; -57,649 (18,336)
2 107 (0.76-1.51) 3.34(1.36-8.23) " -0.19 (2.52) 55,407 (18,466) :
3 - 1.94 (0.76—4.97) _ -53,856 (17,208)
4 - N
Primary payer
Medicaid 0.7 (0.60-0.99) 0.56 (0.33-0.97) " 5.12 (1.89) " 23,842 (10,531) "
Other 0.83 (0.52-1.32) 1.42 (0.66-3.07) -1.37 (3.06) 9367 (15,044)
Private - N - -
Geographic region
Midwest 1.18 (0.80-1.74) 0.92 (0.37-2.31) -3.58 (3.09) 51,552 (19,756) **
South 0.83 (0.59-1.18) 1.26 (0.54-2.93) -1.83 (3.42) 25,712 (20,984)
West 0.89 (0.60-1.32) 1.11 (0.45-2.76) -2.76 (3.05) ' T
Northwest _ _ i 65,743 (21,8%)
Hospital teaching status
Non-teaching 1.21 (0.90-1.63) 1.01 (0.57-1.81) 3.99 (2.80) 43,095 (22,119)
Teaching - - - -
Hospital bed size
Small 0.93 (0.71-1.23) 0.80 (0.45-1.41) 0.69 (1.88) 17,661 (9708)
Large - - - -
Hospital ownership
Srci)\\//str:ment 2,03 (1.39-2.97)** 0.96 (0.41-2.23) ~2.65 (3.96) -13,253 (24,997)

Complex gastroschisis

4,93 (3.10-7.84) ™

451 (3.05) "

252,286 (14,473)

*
=p <0.05

Hok

=p<0.01

J Pediiatr Surg. Author manuscript; available in PMC 2020 December 30.



	Abstract
	Patients and methods
	Study design and data source
	Study cohort
	Predictor variables
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Table 1.
	Table 2.
	Table 3.

